We use the Bayesian approach of Wang(1998) to examine the diversification benefits of investing in international government bonds. We find that no short selling constraints substantially reduce but do not eliminate the diversification benefits when only investing in G7 government bonds with different maturities. There are significant diversification benefits when using the G7 bonds, an inflation-linked bond index, and emerging market bonds even in the presence of no short selling constraints. The superior performance is driven by the emerging markets bonds. We also find that the diversification benefits vary across different economic states.
2 benefits but is largely eliminated when investors face no short selling constraints. When international corporate bond portfolios are included in the investment universe, there are significant benefits when the corporate bonds are hedged. Liu(2016) extends the results of Hansson et al(2009) and finds substantial benefits of investing in international corporate bonds. Briere, Mignon, Oosterlinck and Szafarz(2016) take a central bank perspective and examine the benefits of investing in short-term developed government bonds and U.S. nonbond assets such as mortgage backed securities, domestic bonds, and equities. Briere et al (2016) find that U.S. non-bond assets are important to increase the portfolio average return.
The optimal short-term developed market bonds are useful for reducing portfolio volatility.
We use the Bayesian approach of Wang(1998) to examine the diversification benefits of international government bonds from a U.S. perspective. Our study focuses on two main issues. First, we examine the diversification benefits provided by three types of international government bonds that has not been fully addressed by the prior literature. We consider the benefits of longer maturity G7 government bonds, a global inflation-linked bond index, and emerging markets (EM) bonds based on geographical location and credit rating. We evaluate the diversification benefits as the increase in Certainty Equivalent Return (CER) performance 2 for a mean-variance investor of adding the international government bonds to a benchmark investment universe. We consider both unconstrained portfolio strategies, and constrained portfolio strategies, where there are no short selling constraints 3 .
Second, we examine if the diversification benefits of international government bonds varies across different economic states. We use the dummy variable approach of a given 2 We also consider performance measures based on Value at Risk (VAR) and Conditional VAR measures developed by Alexander and Baptista(2003) . 3 We also examine the impact of a combined upper bound constraint on the emerging market bonds.
lagged information variable of Ferson and Qian(2004) and Ferson, Hnery and Kisgen(2006) to identify the economic states. Since the short rate is used in most bond pricing models, we use the lagged one-month U.S. Treasury Bill as the information variable. The dummy variable approach allows us to identify months where the lagged Treasury Bill return is lower than normal, normal, and higher than normal. The attraction of the dummy variable approach is that it allocates each month to one of three states using only information prior to that month, rather than ex post indicators such as the NBER recession states.
There are three main findings in our study. First, when only investing in G7 government bond portfolios, no short selling constraints substantially reduces the magnitude but does not eliminate the diversification benefits of the G7 government bonds. Second, when investing in the three groups of international government bonds, there are significant diversification benefits from constrained portfolio strategies. The superior performance is driven by emerging market bonds. Third, the diversification benefits of international government bonds vary across economic states. The strategies deliver their best performance when the lagged one-month U.S. Treasury Bill return is lower than normal. Our results suggest that there are significant diversification benefits of investing in international government bonds.
Our study makes two main contributions to the literature. First, we extend the prior evidence of Hansson et al(2009) , Liu(2016) , and Briere et al(2016) by examining the benefits of different classes of international government bonds such as long-term G7 government bonds, an inflation-linked bond, and EM bonds sorted by geographical location and credit rating. Our study differs from Hansson et al(2009) and Briere et al(2016) by using the Bayesian approach of Wang(1998) to estimate the magnitude of the diversification benefits and conduct statistical significance. We complement the recent study of Liu(2016) by using the Bayesian approach to test the diversification benefits of international government bonds rather than international corporate bonds. Second, we extend the prior evidence of Levy and Lerman(1988) , Hansson et al(2009), and Liu(2016) among others by using the dummy variable approach of Ferson and Qian(2004) and Ferson et al(2006) to evaluate the diversification benefits across economic states. We complement Briere et al(2016) who evaluate the diversification benefits in rising interest rate states. We differ from Briere et al by identifying states ex ante rather than ex post. We also apply the dummy variable approach to a different context from conditional mutual fund performance as in Ferson and Qian(2004) and Ferson et al(2006) .
The paper is organized as follows. Section II presents the research method used in our study. Section III describes the data. Section IV reports the empirical results and the final section concludes.
II Research Method
We use the mean-variance approach to examine the diversification benefits of the international government bond portfolio strategies 4 . The mean-variance approach of Markowitz(1952) assumes that investors select a (N,1) vector of risky assets to:
where u is a (N,1) vector of expected excess returns, V is a (N,N) covariance matrix of excess returns, and γ is the risk aversion level of the investor. The framework in (1) assumes that the remainder of the portfolio is invested in the risk-free asset (xf) such that x'e + xf = 1, where e is a (N,1) vector of ones. We can include additional constraints to equation (1) such as no short selling (xi ≥ 0, i=1,…,N). 4 A partial list of studies that evaluate the benefits of international diversification using the mean-variance approach include Bekaert and Urias(1996) , Li et al(2003) , Ehling and Ramos(2006) , Eiling, Gerard, Hillion and de Roon(2012) , Hodrick and Zhang(2014), Briere et al(2016) , and Liu(2016) among others.
We conduct our analysis from a U.S. perspective and the domestic investment universe is given by the one-month Treasury Bill and the excess returns of a U.S. domestic government bond index. We consider the diversification benefits of adding three classes of international government bond portfolios to the domestic investment universe:
1. G7 government bond indexes of different maturities.
2. Inflation linked bond -this index is a global government inflation linked bond index.
3. Emerging market bonds -this includes both regional bond indexes and country rating bond indexes.
A number of alternative measures can be used to evaluate the diversification benefits from a mean-variance perspective such as Kandel, McCulloch and Stambaugh(1995) , Wang(1998), and Li et al(2003) . We measure the diversification benefits using the meanvariance objective function in (1) as the CER performance. The benefits are given as the increase in the CER performance of adding the international government bonds to the domestic investment universe as:
where xb is a (N,1) vector of weights in the benchmark portfolio which is the optimal weight in the benchmark strategy and the remaining (N-1) cells are zero. The DCER measure in equation (2) is the increase in CER performance 5 between holding the optimal portfolio in the N risky assets and the optimal benchmark portfolio. If there are no diversification benefits in holding the optimal international government bond portfolio, we expect DCER = 0.
5 The CER performance measure is commonly used to evaluate the performance of meanvariance trading strategies such as Kan and Zhou(2007) , DeMiguel, Garlappi and Uppal(2009), Tu and Zhou(2011), and Kan, Wang and Zhou(2017) . In contrast to the Sharpe(1966) performance measure, the CER performance depends upon the level of risk aversion.
We can generalize the DCER measure in equation (2) to also compare the difference in CER performance between two optimal bond portfolios to capture the marginal benefit of adding specific bond indexes to the investment universe. We estimate the DCER measure using two levels of risk aversion, where γ = 1, and 3 as in Tu and Zhou(2011) . When including just the G7 government bonds, we consider both unconstrained portfolio strategies and constrained portfolio strategies, where no short selling is allowed in the risky assets and the one-month Treasury Bill. When we include all bonds, we consider two constrained portfolio strategies. First, we impose no short selling constraints in the risky assets and the one-month Treasury Bill. Second, we add a combined upper bound constraint of 20% to the emerging market bonds.
We use the Bayesian approach of Wang(1998) and Li et al(2003) Hodrick and Zhang(2014) and Liu(2016) .
measures can be used. Third, the asymptotic tests rely on a linear approximation to a nonlinear function but the Bayesian approach uses the exact nonlinear function.
The analysis assumes that the N asset excess returns have a multivariate normal distribution 7 . We assume a non-informative prior about the expected excess returns u and the covariance matrix V. Define us and Vs as the sample moments of the expected excess returns and covariance matrix, and R as the (T,N) matrix of excess returns on the N assets. The posterior probability density function is given by:
where p(u|V,us,T) is the conditional distribution of a multivariate normal (us,(1/T)V) distribution and p(V|Vs,T) is the marginal posterior distribution that has an inverse Wishart(TV, T-1) distribution (Zellner, 1971) ).
To approximate the posterior distribution of the DCER measure, we use the Monte Carlo method of Wang(1998) . We use the following four-step approach. First, a random V matrix is drawn from an inverse Wishart (TVs,T-1) distribution. Second, a random u vector is drawn from a multivariate normal (us,(1/T)V) distribution. Third, given the u and V from steps 1 and 2, the DCER measure from equation (2) is estimated. Fourth, steps 1 to 3 are repeated 1,000 times to generate the approximate posterior distribution of the DCER measure.
The posterior distribution of the DCER measure is then used to assess the size of the diversification benefits and the statistical significance of these benefits. The average value from the posterior distribution of the DCER measure provides the average diversification 7 We can view the normality assumption as a working approximation to monthly excess returns. In addition, optimal portfolios of mean-variance utility functions are often close to other utility functions over short horizons (Kroll, Levy and Markowitz(1984) , Grauer and Hakansson(1993) , and Best and Grauer(2011) (2014)). If the optimal bond portfolios provide significant diversification benefits, we expect to find a significant positive average DCER measure.
The Monte Carlo simulation also gives the approximate posterior distribution of the optimal weights in the bond portfolio strategies. Britten-Jones(1999) and Kan and Smith(2008) derive the sampling distribution of the optimal mean-variance portfolio weights when there are no portfolio constraints. The Bayesian approach provides an approximate posterior distribution of the optimal weights when there are portfolio constraints. We can use the posterior distribution to examine if the average weights in the optimal portfolios are more than two standard errors from zero (Li et al(2003) ).
The analysis so far provides a measure of diversification benefits across the whole sample. To examine the conditional diversification benefits, we use the dummy variable approach of Ferson and Qian(2004) and Ferson et al(2006) to allocate each month into one of three economic states using a lagged information variable zt-1 8 , where zt-1 is the value of the lagged information variable at time t-1. We then use the Bayesian approach to evaluate the diversification benefits of the international government bond portfolio strategies in each state.
The attraction of the dummy variable approach is that it is straightforward to implement and the states can be identified ex ante by only using data prior to each month 9 . Ferson et al(2006) point out that another benefit of the dummy variable approach is that it mitigates the spurious regression bias of Ferson, Sarkissian and Simin(2003) of lagged information variables which have a high first-order autocorrelation.
We identify the states as follows. First, we calculate xt-1 as zt-1 minus the past average value of zt-1 over the prior sixty months. Second, we also calculate the standard deviation of zt-1 (σ(zt-1)) over the prior sixty months. Third, given the values of xt-1/σ(zt-1), we construct three dummy variables. If xt-1/σ(zt-1) > 1, Dhigh equals one, and Dlow and Dnormal equal zero. If xt-1/σ(zt-1) < -1, Dlow equals one, and Dnormal and Dhigh equal zero. When -1 ≤ xt-1/σ(zt-1) ≤ 1, Dnormal equals one, and Dlow and Dnormal equal zero. The three dummy variables capture when the lagged information variable is lower than normal, normal, and higher than normal.
Using the CER performance to evaluate the diversification benefits is the relevant performance measure for mean-variance investors. However one criticism of using variance as a risk measure is that it does not adequately capture the tail risk of a portfolio strategy 10 .
Value at Risk (VAR) and Conditional VAR (VAR) measures have been proposed to estimate the tail risk of the portfolio 11 . Alexander and Baptista(2003) propose a Sharpe(1966) type performance measure to evaluate performance based on mean and VAR. They also note that can adapt to using CVAR. Since we assume multivariate normality, we use their mean/VAR and mean/CVAR measure under this assumption (see equation (11) in the Alexander and Baptista(2003) study). Using these measures, we can evaluate whether there is a significant increase in mean/VAR or mean/CVAR performance of adding international government bonds to the domestic investment universe by the Bayesian approach 12 .
III Data 10
We thank the reviewer and the Editor for encouraging us to examine this issue.
11 See Alexander(2009) for a review of modern risk management. 12 We do not consider the impact of using portfolio constraints based on VAR or CVAR in the mean-variance optimization, as in Alexander and Baptista(2004) and Alexander, Baptista and Yan(2007) among others, but is an interesting extension for future research.
We adopt a U.S. perspective to evaluate the diversification benefits of international government bond portfolios. Our domestic investment universe is the one-month U.S. We consider adding three groups of international government bonds to the domestic investment universe. We use the Bank of America Merrill Lynch international government bond indexes collected from Datastream and the returns are in U.S. dollars and currency unhedged 13 . The groups include:
G7 government bonds
This group includes four G7 government bond indexes with maturities of 1-5 years, 5-7 years (G7 5-7yr), 7-10 years (G7 7-10yr), and 10+ years (G7 10yr+). The sample period for the G7 bonds is January 1986 and September 2016.
Inflation-linked bonds
This group includes the Global government inflation-linked bond index (IL). This bond index is available between January 1998 and September 2016.
Emerging markets
This group includes three emerging markets bond indexes based on regions and three emerging markets bond indexes based on country rating. The regional indexes include Asia (EM Asia), Europe/Middle East/Africa (EM EU/ME/Afr), and Latin America (EM LA). The three country rating bond indexes include B, BB, and BBB (EM B, EM BB, and EM BBB) 13 Currency hedging tends to have a positive impact on the performance of international bond portfolios such as Eun and Resnick(1994) , Glen and Jorion(1994) , Hansson et al(2009), and Liu(2016) .
ratings. The emerging markets bond indexes are available between January 2005 and September 2016. Table 1 reports summary statistics of the monthly excess returns of the bond indexes over their respective sample periods. The summary statistics include the mean, standard deviation, minimum, and maximum values (%). Table 2 reports the correlations between the bond indexes over their respective sample periods. Table 1 here Table 2 here Table 1 shows that there is a wide spread in the average excess returns of the bond indexes. For the G7 government bond indexes, there is an increase in both the mean and volatility as we move to the longer maturity bonds. The average excess returns among the six emerging market bond indexes range between 0.495% (EM-BBB) and 0.787% (EM-BB).
The EM B bond index has the highest volatility among the six emerging market bond indexes and the widest range in minimum and maximum monthly excess returns. The volatility of the bond portfolios are considerably lower than the corresponding international equity portfolios. Table 2 shows that the G7 government bonds have the highest correlation with the domestic bond index. In contrast, the EM bond indexes tend to have small correlations with the domestic bond index. The correlations within a given group of bonds tend to have a high positive correlation with one another as reflected in the G7 government bonds and the EM bonds. The EM bonds tend to have smaller correlations with the G7 bonds. The patterns in correlations suggest that there might be significant diversification benefits of investing in international government bond portfolios.
Our study uses the dummy variable approach of Ferson and Qian(2004) and Ferson et al(2006) with the lagged one-month U.S. Treasury Bill return as zt-1. Studies which use a short term interest rate in international asset pricing studies include Harvey(1991) , Harvey, Solnik and Zhou(2002) , and Zhang (2006) among others. Table 3 here Table 3 shows that the international government bonds exhibit substantial variation in mean and volatility across economic states. In contrast, there is little variation in the mean and volatility of the domestic bond index across the three states. The null hypothesis of no significant difference in mean excess returns between the High and Low states cannot be rejected for the domestic bond index. The average excess returns for the international government bonds are highest in the Low state and lowest in the Normal state. In most cases, the volatility of international government bonds is highest in the Low state but the differences in volatility across the three states are more marginal.
The EM bonds exhibit the greatest variation in the mean and volatility of excess returns across the three states. The EM-B bond index has the largest spread in the mean excess returns across the three states. The differences in mean excess returns of the High and Low states are significant for all the international government bonds, except the G7 10+yr index. Table 3 suggests that there is significant variation in the mean and volatility of the international government bonds across different economic states. The higher mean excess returns in the Low state suggests that the diversification benefits of the international government bonds might be largest for the Low state.
IV Empirical Results
We begin our analysis by examining the diversification benefits of investing in G7 government bond portfolios. We add to the domestic investment universe, the four G7 government bond indexes with different maturities. Panels A and B of Table 4 Table 4 shows that there are significant diversification benefits of investing in the G7 government bond portfolios using the unconstrained portfolio strategies.
The mean DCER measures at the two levels of risk aversion are large in economic terms and both are significant at the 5% percentile. In the optimal portfolios in panel C of Table 4 underlying the increase in CER performance, shows that there are substantial short positions in the G7 1-5yr and G7 7-10yr bond indexes and large long positions in the Market and G7 5-7yr indexes. The extreme weights in the unconstrained mean-variance optimal portfolios is common when using sample mean-variance portfolios (Michaud(1989) ). There is substantial volatility in the optimal portfolio weights and so none of the average weights are more than two standard deviations from zero. The large volatility in the optimal weights stems from the large estimation risk in sample mean-variance portfolios and is similar to Britten-Jones(1999) in international equity portfolios.
Imposing no short selling constraints leads to a sharp drop in the mean and volatility of the DCER measure in panel B of Table 4 . This pattern is similar to Wang(1998) and Li et al(2003) and is due to the lower estimation risk when short selling constraints are imposed (Frost and Savarino(1988) and Jagannathan and Ma (2003)) 14 . The mean DCER measure is significant at the 5% percentile when γ = 1 but is on the borderline of statistical significance when γ = 3. The superior performance of the constrained portfolio strategies in panel B is driven by the large positive average weight on the G7 10+yr index in panel D. The average weight on the G7 10+yr bond index is more than two standard deviations from zero. Table 4 shows that there are significant diversification benefits of investing in G7 government bonds even in the presence of no short selling constraints. For the constrained portfolio strategies, the benefits are driven by the longest maturity G7 government bonds.
Our results differ from Hansson et al(2009) who find no significant benefits of investing in eleven developed market bond indexes, even for unconstrained portfolio strategies. The difference likely stems from a different sample period and the choice of test assets to add to the benchmark investment universe. We use G7 bonds of different maturities rather than the individual developed market bond indexes. Our results also differ from Briere et al(2016) .
Briere et al find that adding G4 developed market bonds to the domestic investment universe of U.S. government bonds neither significantly increases expected returns nor reduce portfolio volatility. Our results again stand in sharp contrast due to the G7 bonds with longer maturities.
14 Basak et al(2002) find that the standard error of their mean-variance inefficiency measure increases when no short selling constraints are imposed. Basak et al point out that this occurs because the linear approximation of a nonlinear function is less reliable when there are no short selling constraints.
We next examine whether the diversification benefits of investing in the G7 government bond portfolios varies across economic states. Table 5 reports the summary statistics of the posterior distribution of the DCER measure across the Low (panel A),
Normal (panel B), and High (panel C) states. To conserve space, we do not report the mean and volatility of the optimal weights but will discuss in the text. Table 5 here Table 5 shows that the diversification benefits of investing in the G7 government bond indexes varies across the economic states. The performance is strongest in the Low state and weakest in the Normal state. Across all three states, there are large significant mean DCER measures using the unconstrained portfolio strategies. The optimal portfolios in the unconstrained strategies have extreme average weights and are highly volatile. None of the average weights in the optimal unconstrained portfolios are more than two standard deviations from zero.
When imposing no short selling constraints, there is a huge drop in the mean and volatility of the DCER measures. In the Normal state, the mean DCER measures are tiny at 0.042% (γ = 3), and 0.06% (γ = 1) and both are insignificant at the 5% percentile. In the High economic state, the mean DCER measures are high relative to the Normal state but the mean DCER measures for both strategies are not significant at the 5% percentile. This finding suggests that no short selling constraints eliminate the diversification benefits of investing in G7 government bond portfolios in Normal and High states.
It is only in the Low economic state, that the constrained portfolio strategies have significant diversification benefits. The mean DCER measures for the two levels of risk aversion are large in economic terms and both are significant at the 5% percentile. In the optimal unconstrained portfolios, there are positive average weights on the G7 5-7yr, G7 7-10yr, and G7 10+yr bonds but none are more than two standard deviations from zero. In the constrained portfolio strategies, it is only for the G7 10+yr bond index in the High state that has a large positive average weight more than two standard deviations from zero. The superior performance in the Low state is driven by large positive average weights on the G7
7-10yr and 10+yr bond indexes but the average weights are not more than two standard deviations from zero. Table 5 shows that the diversification benefits of investing in G7 government bond indexes varies across economic states. It is only in the Low state, that the optimal constrained portfolios deliver significant diversification benefits. We next examine the diversification benefits of adding all three groups of bonds to the domestic investment universe between January 2005 and September 2016. We only report the results for the constrained portfolio strategies using the two models of portfolio constraints. Panels A and B of Table 6 report the summary statistics of the posterior distribution of the DCER measure for the constrained portfolio strategies under the two models of portfolio constraints. Panels C and D report the mean and standard deviation of the posterior distribution of the optimal portfolio weights under the two models of portfolio constraints. Table 6 here
Panel A of Table 6 shows that there are significant diversification benefits of investing in all the international bond indexes, when only no short selling constraints are imposed on the optimal portfolio strategies. The mean DCER measures at 0.449% (γ=3) and 0.505% (γ=1) are large in economic terms and both are significant at the 5% percentile.
Panel C shows that this superior performance is driven by the EM-BB bond index. There is little diversification in the optimal portfolio weights in panel C. The average weight on the EM-BB bond index is close to one and is more than two standard deviations from zero.
Imposing the combined upper bound constraint of 20% on the EM bonds leads to a substantial reduction in the mean and volatility of the DCER measures. However the mean DCER measures remains significant at the 5% percentile for both levels of risk aversion. The optimal weights in panel D show that the EM-BB bond index has the largest average weight among the EM bond indexes and is more than two standard deviations from zero. The largest average weight is now given by the G7 10+yr bond index with smaller average weights in the Market and IL bond index. Neither of the average weights in the Market and IL bond indexes are more than two standard deviations from zero. The average weight on the G7 10+yr index is more than two standard deviations from zero when γ = 1 and borderline when γ = 3. Table 6 shows that there are significant diversification benefits of investing in the three groups of international government bonds. The superior performance is driven by the We next formally examine the incremental contribution of adding each group of bonds to the investment universe. We begin by adding the G7 bonds to the domestic investment universe and then consecutively add the inflation-linked bond index, and the EM bonds. Table 7 reports summary statistics of posterior distribution of the DCER measure that captures the incremental contribution of the G7 and inflation-linked bond indexes in panel A.
Panel B reports the incremental contribution of the EM bonds for the two models of portfolio constraints. Table 7 here
Panel A of Table 7 shows that neither the G7 government bonds nor the inflationlinked bond index make a significant incremental contribution to the CER performance when added to the investment universe in the presence of no short selling constraints. The mean DCER measures are small and none are significant at the 5% percentile. In contrast, panel B
of Table 7 shows that the EM bonds do make a significant incremental contribution in CER performance under both models of portfolio constraints. When the investor only faces no short selling constraints, the mean DCER measures are large in economic terms and significant at the 5% percentile. Adding the combined upper bound constraint, leads to a sharp drop in the mean and volatility of the DCER measures. However the mean DCER measures remain significant at the 5% percentile. This finding suggests that the EM bonds are the driving force behind the diversification benefits of the international government bond portfolio strategies.
We next examine whether the diversification benefits varies across economic states using all three groups of bonds between January 2005 and September 2016. We use both models of portfolio constraints. Table 8 Table   8 suggest that the constrained portfolio strategies in international government bonds are substantial in states of the world when the lagged one-month U.S. Treasury Bill return is lower and higher than normal.
The final issue we examine is whether the mean-variance strategies deliver significant diversification benefits using mean/VAR and mean/CVAR performance measures. We repeat the tests in Tables 6 and 8 for the constrained portfolio strategies. Table 9 for estimating the mean/VAR and mean/CVAR performance measures. Table 9 here
Panel A of Table 9 shows that the diversification benefits of the international government bonds disappears when using the alternative performance measures across the January 2005 and September 2016 period. The average mean/VAR and mean/CVAR measures are small and none are significant at the 5% percentile. There is little difference between the mean/VAR and mean/CVAR measures. Panel A suggests that the superior CER performance in Table 6 comes at the expense of higher VAR and CVAR, which offsets the increase in mean excess returns of investing in the international government bonds.
Panels B and C of Table 9 show that the international government bonds continue to deliver significant diversification benefits in the Low and High states using the alternative performance measures. All of the average mean/VAR and mean/CVAR measures are economically large and significant at the 5% percentile. The magnitude of the benefits is larger in the Low state compared to the High state. Likewise the average mean/VAR measures are larger than the mean/CVAR measures since a portfolio CVAR is higher than the VAR. The results suggests that the diversification benefits in panels A and C in Table 8 are robust to the use of alternative performance measures.
V Conclusions
This study uses the Bayesian approach of Wang(1998) and Li et al(2003) to examine the diversification benefits provided by three groups of international government bonds and whether these benefits vary across economic states. There are three main findings in our study. First, when investing only in G7 government bonds, there are substantial diversification benefits using unconstrained portfolio strategies. Imposing no short selling constraints leads to a substantial reduction in the magnitude of the benefits but does not eliminate them. The superior performance is driven the longest maturity G7 bond index.
This finding differs from Hansson et al(2009) and Briere et al(2016) who find little benefit of investing in developed market government bonds when the domestic investment universe is U.S. government bonds.
Second, when investing across all three groups of bonds, there are significant diversification benefits using constrained portfolio strategies using the CER measure. This result holds even when investors face a combined upper bound constraint of 20% in EM bonds. The superior performance is driven by the EM bonds, especially the EM-BB index.
This finding is stronger than that observed in Hansson et al(2009) . The finding complements the results in Li et al(2003) of the diversification benefits of investing in EM equity markets even in the presence of short selling constraints. The significant diversification benefits disappear using the alternative mean/VAR and mean/CVAR measures, which suggests that the increase in the portfolio VAR or CVAR offsets the increase in mean excess returns when investing in international government bonds.
Third, we find that the diversification benefits of international government bond strategies varies across economic states. This result holds whether investing only in the G7 government bonds or in all three groups of bonds. The benefits are strongest in the Low state and poorest in the Normal state. For the constrained portfolio strategies in all international government bonds, there are large and significant diversification benefits when the lagged one-month Tresaury Bill return is both lower and higher than normal. These benefits remain significant using the mean/VAR and mean/CVAR measures. This result suggests that the lagged one-month Treasury Bill return has significant predictive ability of the diversification benefits of international government bond portfolios.
Our results suggest that there are significant diversification benefits of investing in international government bonds, especially when the lagged U.S. Treasury Bill return is lower than normal. The superior performance is driven by the EM bonds. Our study has focused on the diversification benefits of international government bonds. An interesting extension to our study would be to look at the diversification benefits of alternative asset classes such as in Hansson et al(2009 ), Liu(2016 , and Briere et al(2016) . We have used the dummy variable approach of Ferson and Qian(2004) and Ferson et al(2006) to capture different economic states. An alternative approach would be to use the regime switching method of Ang and Bekaert(2004) . We have considered the use of VAR and CVAR performance measures of Alexander and Baptists(2003) . It would be of interest to consider the use of VAR and CVAR portfolio constraints as in Alexander and Baptista(2004) and Alexander, Baptista and Yan(2007) . Alternatively using a mean-VAR or mean-CVAR portfolio optimization could be explored to evaluate diversification benefits. We leave these issues to future research. The table reports summary statistics of monthly excess returns (%) of the different international government bond indexes. The summary statistics includes the mean, standard deviation, minimum, and maximum of monthly excess returns. The Market is the U.S. Treasury Master bond index. G7 1-5yr, G7 5-7yr, G7 7-10yr, and G7 10yr+ are the G7 government bond indexes with maturities of 1-5 years, 5-7 years, 7-10 years, and 10+ years. The sample period for the Market and G7 bonds is January 1986 and September 2016. IL is the global government inflation-linked bond index and the data covers the January 1998 and September 2016. The final six rows are emerging market (EM) bond indexes. The first three rows are regional sovereign bond indexes for Asia, Europe/Middle East/Africa (EU/ME/Afr), and Latin America (LA). The final three rows are sovereign bond indexes based on country ratings of B, BB, and BBB. The data for the EM bond indexes covers the January 2005 and September 2016. The table reports correlations of the different international government bond indexes across the relevant sample periods. The Market is the U.S. Treasury Master bond index. G7 1-5yr, G7 5-7yr, G7 7-10yr, and G7 10yr+ are the G7 government bond indexes with maturities of 1-5 years, 5-7 years, 7-10 years, and 10+ years. The sample period for the Market and G7 bonds is January 1986 and September 2016. IL is the global government inflation-linked bond index and the data covers the January 1998 and September 2016. The final six rows are emerging market (EM) bond indexes. The first three rows are regional sovereign bond indexes for Asia, Europe/Middle East/Africa (EU/ME/Afr), and Latin America (LA). The final three rows are sovereign bond indexes based on country ratings of B, BB, and BBB. The data for the EM bond indexes covers the January 2005 and September 2016. The table reports the mean and standard deviation (Std Dev) of monthly excess returns (%) of different bond indexes across three economic states. The three states are when the lagged onemonth U.S. Treasury Bill return is lower than normal (Low), normal, and higher than normal (High). The Mkt is the U.S. Treasury Master bond index. G7 1-5yr, G7 5-7yr, G7 7-10yr, and G7 10yr+ are the G7 government bond indexes with maturities of 1-5 years, 5-7 years, 7-10 years, and 10+ years. The sample period for the Mkt and G7 bonds is January 1986 and September 2016. IL is the global government inflation-linked bond index and the data covers the January 1998 and September 2016. The final six rows are emerging market (EM) bond indexes. The first three rows are regional sovereign bond indexes for Asia, Europe/Middle East/Africa (EU/ME/Afr), and Latin America (LA). The final three rows are sovereign bond indexes based on country ratings of B, BB, and BBB. The data for the EM bond indexes covers the January 2005 and September 2016. Panels A and B of the table report summary statistics of the posterior distribution of the DCER measure (%) for the unconstrained (panel A) and constrained (panel B) portfolio strategies. In the constrained portfolio strategies, no short selling is allowed in the risky assets and the onemonth Treasury Bill. The summary statistics include the mean, standard deviation (Std Dev), fifth percentile (5%), and median. The domestic investment universe consists of the one-month U.S. Treasury Bill return, and the excess returns of the U.S. bond index (Market). The DCER measure is calculated by adding four G7 government bond indexes with different maturities (G7 1-5yr, G7 5-7yr, G7 7-10yr, and G7 10+yr) to the domestic investment universe. The sample period covers January 1986 and September 2016. Panels C and D report the mean and standard deviation of the posterior distribution of the optimal weights for the unconstrained (panel C) and constrained (panel D) portfolio strategies. The risk aversion (γ) of the investor is set equal to 1 and 3. The table reports summary statistics of the posterior distribution of the DCER measure (%) across different economic states. The summary statistics include the mean, standard deviation (Std Dev), fifth percentile (5%), and median. The economic states are when the lagged onemonth U.S. Treasury Bill return is lower than normal (Low, panel A), Normal (panel B), and higher than normal (High, panel C). The domestic investment universe consists of the onemonth U.S. Treasury Bill return, and the excess returns of the U.S. bond index (Market). The DCER measure is calculated by adding four G7 government bond indexes with different maturities (G7 1-5yr, G7 5-7yr, G7 7-10yr, and G7 10+yr) to the domestic investment universe. The sample period covers January 1986 and September 2016. The results are reported for the unconstrained portfolio strategies and the constrained portfolio strategies, where no short selling is allowed in the risky assets or the Treasury Bill. The risk aversion (γ) of the investor is set equal to 1 and 3. bonds. Panels C and D report the mean and standard deviation from the posterior distribution of the optimal portfolio weights. The domestic investment universe consists of the one-month U.S. Treasury Bill return, and the excess returns of the U.S. bond index (Market). The DCER measures are calculated by adding four G7 government bond indexes with different maturities (G7 1-5yr, G7 5-7yr, G7 7-10yr, and G7 10+yr), a global inflation-linked (IL) bond index, and six EM bond indexes (EM-Asia, EM-EU/ME/Afr, EM-LA, EM-B, EM-BB, EM-BBB). The sample period is January 2005 and September 2016. The risk aversion (γ) of the investor is set equal to 1 and 3. (5%), and median. The domestic investment universe consists of the one-month U.S. Treasury Bill return, and the excess returns of the U.S. bond index (Market). The incremental DCER measures are calculated in panel A by first adding the G7 government bonds to the domestic universe, and then consecutively adding the global inflation-linked (IL) bonds, and the emerging market (EM) bonds in panel B. Model 1 of portfolio constraints is where no short selling is allowed in the risky assets and Treasury Bill. Model 2 adds a combined upper bound constraint of 20% in the emerging market (EM) bonds. The risk aversion (γ) of the investor is set equal to 1 and 3. , and higher than normal (High, panel C). The domestic investment universe consists of the one-month U.S. Treasury Bill return, and the excess returns of the U.S. bond index (Market). The DCER measures are calculated by adding four G7 government bond indexes with different maturities (G7 1-5yr, G7 5-7yr, G7 7-10yr, and G7 10+yr), a global inflation-linked (IL) bond index, and six EM bond indexes (EM-Asia, EM-EU/ME/Afr, EM-LA, EM-B, EM-BB, EM-BBB). Model 1 of portfolio constraints is where no short selling is allowed in the risky assets and Treasury Bill. Model 2 adds a combined upper bound constraint of 20% in the emerging market (EM) bonds. The risk aversion (γ) of the investor is set equal to 1 and 3. 
